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May  15,  1906. 
The  Directors  of  the  Glendale  Imorovement  Co., 

Chicago, 
Gentlemen, 

We  hand  you  herewith  for  your  approval  the  prelim- 
inary Dlans  and  specifications  for  your  proposed  imoounding  dam  and 
reservoir  at  Glencoe,  111.,  together  with  the  approximate  quantities 
of  the  various  classes  of  work  to  tee  done  ,  which  may  be  used  as  a 
basis  for  bids  or  proposals.  We  also  submit  a  brief  discussion  of 
the  design  and  the  principal  reasons  for  our  choice  of  methods  in 
such  cases  as  were  left  to  our  discretion. 

To  the  best  of  our  judgement  these  plans  call  for  as  econ- 
omical a  construction  as  is  consistent  with  the  requirements  of  this 
particular  case  and  with  reliable  engineering  practice. 

Trusting  that  thus  far  the  work  has  been  done  to  your 
satisfaction,  we  remain 

Yours  very  truly, 

Flanagan  &   Ford. 
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1. 

MASONRY  IMPOUNDING  DAM  AT  GLENCOE, ILL. , 
FOR  THE  GLENDALE  IMPROVEMENT  CO., OF  CHICAGO. 

After  making  a  fairly  accurate  survey  of  the  valley  to  be 
submerged  by  the  proposed  impounding  of  the  waters  of  the  North 
Ravine  and  of  the  ground  adjacent  to  it  within  the  possible  limits 
of  a  site  for  the  dam,  the  site  chosen  was  selected  for  the  follow- 
ing reasons:  first,  the  valley  at  that  point  is  narrowj  second,  the 
site  is  below  all  important  water-carrying  branches  but,  at  the  same 
time  is  above  the  abrupt  decline  of  the  ban^s  near  the  mouth  and  so 
will  give  the  maximum  capacity  to  the  reservoirj  third,  there  is  an 
abruot  bend  in  the  valley  just  above  the  site  and  a  small  gully 
which  enters  just  below,  and  these  considered  together  form  an 
unusually  good  place  for  a  spillway  entirely  separate  from  the  dam 
itself. 

This  selection  carries  with  it  the  following  data  as  to 
dimensions  and  elevations,  which  form  the  working  basis  of  the 
design,  viz*  elevation  of  bed  of  stream  -  58.0  ftj  elevation  of  top 
-  155.0  ft!  water  level  -  150.0  ft;  width  of  valley  on  the  155  ft. 
level  -  about  385  ft?  elevation  of  surface  of  hard  shale  -  approx- 
imately 125  ft.  and  above  that  from  10  to  15  ft.  of  softer  shale 
and  clay  with  a  covering  of  blac'<  soil  to  the  surface.   A  fair 
estimate  computed  from  the  contour  map,  places  the  amount  to  be 
stored  behind  the  dam  up  to  the  level  given  above,  at  approximately 
700,000,000  gallons.  All  the  elevations  used  are  relative  to  a 
bench  at  the  point  where  Sheridan  Road  turns  to  the  west  some  dis-  . 
tance  south  of  the  dam.  The  assumed  elevation  of  this  bench  is 
200  ft. 

The  undoubted  superority  of  concrete  in  modern  construction 
to^gether  with  the  absence  of  any  suitable  building  stone  for  long 

distances  from  the  site  in  all  directions,  made  the  choice  of 
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concrete  as  the  material  for  the  construction  of  the  dam  and  spill- 
way almost  imperati-ve.   Its  economy,  its  ease  of  handling,  its 
more  certain  homogeneity,  and  its  better  resistance  to  the  seepage 
of  water  are  the  strong  points  in  its  favor,  although  others  might 
be  mentioned. 

The  section  of  the  dam  itself  was  designed  according  to  the 
principles  laid  down  in  Mr.  Wegman's  volume  on  masonry  dam  construc- 
tion, and  by  the  apolication  of  his  formulas  in  so  far  as  they 
fitted  this  case.   (  See  note  at  the  end  of  this  article  as  to  the 
authorities  consulted.)   These  princioles  ares  first,  that  the 
structure  must  be  safe  against  overturningi  second,  that  it  must  be 
safe  against  sliding;  and  third,  that  it  must  be  safe  against  crush- 
ing; and  that  all  these  must  aoply  at  any  section  of  the  dam  from 
the  top  down.  He  finds  however,  that  almost  without  exception,  the 
second  requirement  is  covered  by  the  application  of  the  other  two 
in  any  actual  case  and  therefore  uses  only  the  first  and  third  in 
deducing  his  formulas.  The  first  condition  he  considers  to  be  gov- 
erned by  the  application  of  the  so  called  theory  of  the  middle  third 
according  to  which,  by  restricting  the  position  of  the  lines  of 
resultant  pressure  at  any  section  to  the  middle  one-third  of  that 
section,  all  tension  at  the  outer  edges  of  that  section  is  pre- 
vented, provided  the  section  be  considered  rigid  and  be  uniformly 
loaded.  There  is  at  present  some  question,  especially  in  connection 
with  the  use  of  concrete,  as  to  the  economic  value  of  this  principle 
of  design,  but  we  have  as  yet  seen  no  wor::ing  formula  to  tai^ce  its 
place.  The  third  requirement  depends,  of  course,  uoon  the  value  of 
the  crushing  strength  of  the  material  to  be  used,  and  will  therefore 
have  a  widely  varying  effect  on  the  design  according  as  that  quality 
may  be  high  or  lo'V  in  value.   In  this  case,  as  will  be  seen  latet, 
the  strength  is  so  high  as  to  ma;<e  the  requirement  unnecessary. 
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Following  this  method  as  outlined,  the  procedure  in  making 
the  accompanying  calculations  is  as  followss   a  top  width  of  10  ft. 
or  9  ft.  between  copings,  is  assumed  as  sufficient  for  all  foot 
traffic  and  for  the  small  amount  of  carriage  traffic  which  may 
possibly  cross  the  valley  by  this  means.  The  faces  are  then  con- 
tinued down  vertically  until  a  point  is  found  where  this  width  no 
longer  satisfies  the  first  requirement,  or  in  other  words,  where  the 
line  of  resultant  pressures  falls  on  the  boundary  of  the  middle 
third.   (  The  line  of  pressures  for  reservoir  empty  is  of  course  in 
the  center  at  this  point.  )   As. this  section  comes  about  15  ft.  from 
the  top,  the  next  is  taken  at  30  ft.  below  the  top  ,  then  every 
10  ft.  to  50ft.,  and  from  there  every  20  ft.  to  the  bottom;  and  at 
each  of  these  sections  the  formula  is  so  applied  as  to  satisfy  the 
first  requirement.   According  to  this  method  the  use  of  the  third 
requirement  is  necessary  only  when  it  is  found  by  trial  that  the 
limit  of  resistance  to  crushing  is  being  reached,  thus  making  this 
the  governing  factor  and  making  necessary  the  application  of  dif- 
ferent formulas.   Ordinarily  this  occurs  first  on  the  back  of  the 
dam  and  later  on  the  front  in  the  neighborhood  of  from  75  to  100  ft., 
below  the  top  for  masonry  with  a  crushing  strength  of  about  150  lbs. 
per  square  inch,  but  in  the  case  in  hand,  the  much  greater  values 
of  the  crushing  strength  of  concrete  --from  250  to  400  lbs.  per  sq. 
in.   -  made  it  possible  to  omit  this  third  requirement  altogether 
since  the  towest  section  of  the  dam  is  considerably  above  the  point 
where  the  new  formula  would  begin  tc  be  necessary. 

At  a  depth  of  about  90  ft.  the  line  of  pressures  for  the 
reservoir  empty  is  found  to  diverge  from  the  back  face  of  the  dam 
less  than  does  the  boundary  of  the  middle  third  so  that  a  slight 
increase  of  width  on  the  baci<  is  necessary  in  order  to  satisfy  the 
first  requirement  at  that  point.  This  condition  is  due  to  the 
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departure  of  the  section  at  the  top  from  the  theoretical  triangular 
shape  and  is  provided  for  by  the  batter  of  1  in  10  beginning  at  a 
depth  of  80  ft.  and  continuing  from  there  to  the  bottom. 

The  bottom  of  the  concrete  in  general  is  to  be  let  into  the 
rock  a  distance  of  from  5  ft.  at  the  maximum  section  to  about  2  ft. 
at  the  minimum  section,  but  two  extensions,  trapezoidal  in  section, 
will  be  suni<  as  shown  in  the  plans,  to  a  varying  depth  of  not  more 
than  five  feet  below  tne  bottom.   Upon  reaching  the  surface  of  the 
shale,  the  section  as  computed  for  that  point  will  be  somewhat 
reduced  and  continued  for  a  distance  into  the  earth,  the  excavation 
in  which  will  be  carefully  refilled  in  layers  to  provide  resistance 
against  seepage. 

Not  far  from  the  center  of  the  dam  at  elevation  70.0  ,  is 
located  the  20  inch  outlet  pipe.  This  position  allows  something 
over  10  ft.  below  the  pipe  to  the  bottom  which  is  thought  to' be 
ample  provision  for  silting  of  the  bottom.  The  outlet  is  controlled 
by  a  Renssalaer  high  pressure  valve  at  each  end  of  the  pipe.  The 
lower  valve  is  to  be  placed  in  a  concrete  gate  chamber  which  is  to 
be  built  in  one  oiece  with  the  dam  and  upon  the  top  of  which  is  to 
be  placed  the  valve  wheel.  The  upper  valve  will  be  protected  by  an 
iron  cage  or  grating  built  into  the  dam  and  the  rocl<  at  that  point, 
and  will  be  controlled  by  a  valve  wheel  in  a  gate  house  at  the  top 
of  the  dam.  This  house  will  be  a  room  of  concrete  supported  on 
reinforced  concrete  braci^ets  and  situated  directly  over  the  valve. 
The  valve  stem  will  be  of  two  inch  wrought  pipe,  supported  by  iron 
guides  built  into  the  concrete  about  12  ft.  apart  vertically.  The 
water  level  at  any  time  will  be  Indicated  to  the  attendant  by  a 
series  of  distinctive  iron  shapes  marking  the  ten-foot,  foot,  and 
tenth-foot  points. 
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The  plan  for  the  diversion  of  the  stream  during  the  con- 
struction, is  to  build  a  temporary  dam  about  30  or  40  feet  high  at 
a  distance  of  from  2000  to  3000  feet  upstream  from  the  main  dam  and 
from  there  to  convey  the  overflow  at  El.  145  in  an  earth  channel  or 
a  timber  flume  along  the  slope  of  the  valley  to  the  entrance  of 
the  spillway  channel  at  a  distance  of  about  1000  feet  above  the  dam 
and  around  a  bend  in  the  valley.  This  spillway  channel  will  be 
excavated  at  once  as  it  is  to  remain  oermanently,  but  it  will  be 
used  as  a  part  of  the  diversion  channel  until  after  the  completion 
of  the  main  dam,  when  the  outlet  pipe  will  be  opened  and  the  water 
turned  in  behind  the  main  dam  so  that  the  excavation  at  the  spillway 
site  can  be  carried  down  to  rock.  The  method  of  disposing  of  the 
overflow  during  construction  is  purposely  left  in  this  indefinate 
manner  as  it  is  the  intention  to  submit  the  general  scheme  to 
bidders  for  estimates  on  their  own  plans  for  temporary  work  and  to 
allow  such  work  to  be  carried  out  subject  merely  to  the  general 
supervision  of  the  Engineer. 

The  spillway  channel  will  begin  at  El.  145  as  mentioned 
above  and  will  end  at  El.  135  in  the  small  gully  which  empties  into 
the  main  valley  below  the  dam.  The  spillway  itself  will  be  founded 
on  roc<  about  2,5  ft.  below  the  surface  of  the  latter,  and  the 
down  stream  face  will  be  carried  up  in  steps  to  El.  150.   Its  clear 
waterway  over  the  masonry  will  be  about  50  ft.,  and  the  bottom  of 
the  channel  at  El.  145  and  to  the  end  will  be  25  ft.   The  excava- 
tion around  the  completed  masonry  is  to  be  refilled  with  rammed 
earth  up  to  El.  145  behind  the  spillway  and  El.  142  in  front,  above 
which  broken  rock  and  boulders  ranging  up  to  one-half  ton  in  weight 
will  be  packed  in  up  to  El.  146  behind. the  spillway  and  El.  145  in 
front.  The  sides  of  tne  channel  are  to  slope  at  1-1/2  to  1  and  for 
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a  short  distance  above  the  spillway,  and  below  for  a  distance  of 
50  ft.,  they  will  be  protected  from  the  wash  of  the  overflow  by 
heavy  rip-rap. 

The  accompanying  estimates  include  only  the  quantities  of 
the  various  classes  of  wori<  to  be  done  on  the  sites  of  the  main  dam 
and  of  the  spillway  and  channel.  The  excavation  and  refill  are 
estimated  separately  and  each  in  full,  but  it  is  to  be  understood 
that  much  of  the  excavated  material  will  be  available  for  refill  and 
that  this  fact  should  materially  influence  the  bids  on  the  latter 
class  of'  worlc 
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COMPUTATION  OF  PROFILE  WIDTHS. 

Notation  used.  All  lengths  in  feet. 
P  is  line  of  pressures, reservoir  full 
P' is  line  of  pressures,  reservoir  empty 
Unit  of  weight  is  1  ou.  ft.  of  masonry 
a^top  width  of  section 
x  =  unlcnown  width  of  any  Joint 
1-known  width  of  Joint  above  x 
h-thickness  of  course 
n=distance  of  P'from  back  edge  of  x 
u-distance  of  P  from  front  edge  of  x 
m^distance  of  P'from  back  edge  of  1 
v-distance  between  P  and  P'  on  x 
drdepth  of  water  at  x 
H-p^  -horizontal  thrust  of  water 
M^^Y  ^moment  of  H  about  any  point  on  x 
W-weight  of  masonry  above  joint  x 
w^weight  of  masonry  above  Joint  1 
r-specific  gravity  of  concrete 

Assumed  data. 
Maximum  height  of  dam  --------------  100  ft. 

Width  of  top 10  ft. 

Weight  of  concrete  per  cubic  foot  --------  1301bs. 

Specific  gravity  of  concrete, r  ----------  2.08 

Maximum  pressure  per  square  inch  --------  250  lb3. 

Maximum  pressure  per  square  foot  in  units  of 

masonry  --------  277 

Water  assumed  to  top  of  dam. 


General  formula  is  ^'^+(''^^/jX  ^  ^(urm -h /^^f^ 


I  So       X  =    u  -h  y  +  n   Ci)     dt 
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Substituting  in  equation  (2)  the  value  of  v  in  (3), 
we  have  X  =  M  + 71 T~>  +  ^ 


u>+i-^ 


from  which  we  can  find  h,  the  depth  of  the  rectangular  section  at 
the  top  by  using  the  following  known  values: 

x«l=a8    u=|t      n*|;      h*d;      wrO 

The  reduction  of  this  gives        h«afr~ 
which  with  the  given  values  of  a  and  r  gives   h»1 072.08*14,4 

Assuming  hi14  ft,,  the  next  convenient  section  will  be  at 
30  ft.  from  the  top.  The  proper  values  used  in  equation  (1)  give 

from  which         x=1 9ft. 

To  find  n  or  the  position  of  P'  we  use  the  method  of  moments 

and,  assuming  a  center  of  moments  20  ft.  back  of  the  dam,  we  have, 

weight        lever         moment 

140  25  3500 

160  25  4000 

-22  33  2376 

372  26.6  9876 

where  26.6  is  the  resultant  distance  to  the  center  of  gravity  of 

the  weight  W. 

From  this  ns6,6  ft. 

and  by  equation   (3)  v  •«  5.8 

whence  us19-(6.6+5.8)  ■=  6,6 

By  the  same  processes  when  d»40,  we  obtain 


xS^J:^+/^>-=  f-^(y]ixu^5\zo)-t3io 


I  whence  x»25.5 


.8 


,(£)  ax  "  lo  eulBv   erij-  (S)  n')iJ.fX'po  ni  gni tut x lad;/?. 


i;4 


^^  ,  ,  .,.\    +  M  -  X 


0  ;'j?ri  ew 


jjs  noxJ'oea   Tjsluj.nxj'osi   eri.t    ':o    rltqeb  eri;t    ,  ri     nnil   njeo   9w   noxriw  moil 


seuIB^f  nv-'on>;;  j;niv,oIIol  eriJ'   j.nieu  '"^d  coj    erit 


Q-vi 


tb^ff 


;|ya 


!£"I- X 


^.^?«  80,sTor«ri       seas  '^   bnB  b  lo  aeuiGv  n'^riji  erfi   rftiw  rioxdw 
is  ea    Iliw  .loitosa    ■nnxfie  >';ioo   txen  eril    ,.  +  i   ^f-ri     .■t  n  i  m  u  ?,  a  A 
evrj    <r)    noitrupo   ax    beau  aeul^"-   Teqoiq   erlT      .qoj    ed.t   moil    .  tl   0£ 

.  tt    ?  t^x  xloiriw  moil 

aJ-fiamom    )o   boa.::...    ;.lt   ea  .■   o'a    "i    to   rtoxtiaoc  siii   to   n   bnil   oT 

.ev.BH  8w    ,!n^-b  ofij-    lo   :c£di    ,.t1    0<;  atfiemo-r;    lo  letneo   £  ^nx'-iuaajB    ,bni; 

tneiTiom  level  irijdew 

ocef.  e<:  oi^r 

ooo>  es  od  r 

?^TXS  t8  SI, 

dvae  d.ds  ^ve 

■'0  Y-ti/jBi^  'lo  -lej-nfrto  aril   oJ"  sonstzib  ineflvzei   erit   ax   d,di:     eiQrfw 

,W   Jji^xew  eriJ- 
.  +  1   o.dsn  exrlj-   cioiT 

8,<5   IT   ,  (E)    aoit.eijpe   y-^   bn£ 

ci.d  -  (e.P^-o.a)- Qr«a  eoieriw 

nl£tcfo   ew    ,0^«b     neriw  aoa&sooic  em.6?a   edt    vP 


cJ.<3S"X     eoneriw 


U^-VV^i^\^vA.^x3;\<:,^  :=.Xv^^+t^V^|^^^ 


To  find  n  we  take  moments  as  before. 
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For  a  section  at       d=50  we  have, 
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In  the  same  way  at    d=70 
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For  section   d»90,  we  obtain 


from  which         x«61 ,5 
and  the  moments  are: 

1679.5  58719 

940  43,5  40890 

145  71.83  .1Q271 

2764,5  39.7  109880 

whence       n=19,7       v=21,1        u-20.7 

From  these  last  figures  it  will  be  seen  that  n  is  less 
than  1/3  of  the  corresponding  x,   so  that  it  will  be  necessary  to 
begin  a  light  batter  at  some  point  above  the  90  ft.  section*  As 
the  shortage  is  about  one  foot,  the  best  solution  will  be  to  start 
a  batter  of  1  in  10  at  the  80  ft,  point  on  the  back  face.  These 
figures  also  show  that  the  slope  of  the  front  face  is  so  nearly 
uniform  that  further  computation  will  be  unnecessary  for  the  100ft. 
level,  since  the  front  batter  which  will  be  satisfactory  at  90  ft., 
will  be  more  than  sufficiently  close  at  100ft,  The  resulting  width 
on  the  100  ft,  level  then,  is  70.7  ft.   To  sum  up  the  design  we 
have:  from  El.  155  to  El.  141,  a  rectangular  section  10  ft.  in  width; 
from  here  the  bac;c  continues  vertical  and  the  front  batters  at  5.62 
in  10,  to  El.  125;  the  next  batter  of  6.52  in  10  runs  to  El.  115: 
the  next,  of  6,98  in  10,  to  El.  105;  and  the  last  to  El.  55  at  the 
bottom.  At  El.  75,  80  ft.  below  the  top,  the  back  batter  of  1  in  10 
begins  and  continues  to  the  bottom. 
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ESTIMATE  OF  QUANTITIES. 
Earth  excavation. 
Main  dam 
Spil  IwajB 

Channel  47330 

Spillway  site       ,4170 
Total 


11 


10290  cu.  yds. 


51500  "   " 
61700  "   " 


Rook  excavation. 
Main  dam 
Spillway 
Total 


2635  " 
_1Q5  " 
2740   " 


Concrete. 

Main  dam 
Spillway 
Total 


20450  " 
--3§0  " 
20800   "    " 


Refill. 


Main  dam 
Spillway 
Total 


9250  " 

3§20  " 

13170  " 


,  It  is  expected  that  these  estimates  will  prove  to  be 
correct  within  considerably  less  than  10%,  but  it  will  be  to  the 
interest  of  the  Contractor  to  satisfy  himself  on  this  point  before 
entering  his  bid 
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SPEC IF lUAT IONS. 

1.  Plans. 

The  plana  referred  to  in  these  specifications  are  four  in 
number  entitled  "Glendale  Improvement  Co.,  Concrete  Dam  at  Glencoe 
111,",  sheets  one  to  four  inclusive,  dated  May  15,  1906,  They  are 
general  olans  of  the  worv  showing  its  location  and  character,  and 
will  be  supplemented  from  time. to  time  as  neoessity  shall  arise,  by 
working  drawinp_s  to  be  furnished  by  the  Engineer. 

2.  Character  of  site, 

.The  nature  and  structure  of  the  ground  at. the  site  are  shown 
as  ooiiipletely  as  possible  on  tne  drawings,  but  any  variation  in 
character  and  location  of  material  from  that  shown  will  not  be  con- 
sidered a  basis  for  claims  on  the  part  of  the  Contractor,  since 
indications  of  tests  are  not  warranted  to  be  correct. 

3.  Description  of  worlc. 

The  dam  is  to  Ue  erected  across  what  is  ;cnown  as  the  North 

Ravine,  near  the  Village  of  Glencoe,  about  one-half  mile  from  the 

Sheridan  Road  bridge  over  the  main  branch  of  the  ravine.  The  daa  is 

rubble 
to  be  built  wholly  of  concrete  and^concrete  founded  throughout  on 

roclc  as  shown  on  the  plans  or  as  may  be  hereafter  directed  by  the 
Engineer.  Around  the  loft  or  north  end  will  be  out  an  overflow  or 
spillway  channel  entering  the  main  ravine. through  a  branch  beloW  the 
dam.  During  the  woric  this  will  be  used  as  a  diversion  channel  with 
its  level  at  El.  145.,  and  a  temporary  dam  will  be  built  about  1800 
feet  upsteam  which  will  turn  its  overflow  into  a. temporary  flume  or 
other  channel  on  the  side  of  the  main  ravine  and  leading  to  tne 
diversion  channel.   After  the  completion  of  the  main  dam,  the  diver- 
sion channel  will  be  carried  around. the  end  of  the  spillway  site 

until  water  can  be  let  in  behind  the  dam  with. the  outlet  pipe  open. 
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2. 

and  in  this  way  the  spillway  will  De  comoleted  and  the  reflilint? 
done  around  it  before  the  water  will  be  hi^^h  enough  to  flow  over  it. 
In  order,  however  to  provide  a!a:ainst  serious  danger  from  flood,  the 
north  end  of  the  dam  shall  always  be  <ept  lower  than  the  south  ena 
to  such  an  extent  as  may  be  directed  by  the  engineer. 

All  wor'<  during  its  progress  and  upon  its  oompietion  shall 
conform,  truly  to  the  liaes  and  grades  to  be  given  by  th^ngineer  and 
shall  be  built  in  accordance  with  the  plans  and  directions  which  may 
be  given  by  him  from  time  to  time,  sub,:!ect  to  such  changes  as  he  may 
deem  necessary  during  the  prosecution  of  the  wor<,  and  no  materials 
furnished  or  worse  done  In  excess  of  the  requirements  of  this  con- 
tract as  shown  in  the  plans  and  specifications,  will  be  paid  for 
unless  the  same  shall  hava  been  ordered  by  the  Engineer  under  the 
provisions  herein  contaiHOjl  relating  to  extra  work. 

The  Oontractor  shall  furnish  all  material  to  be  used  in  the 
construction,  and  all  tools,  implements,  machinery,  and  labor 
necessary  and  convenient  for  putting  into  complete  wording  order  the 
wor-<  herein  contracted  for,  within  thB  time  specified  and  with  safe- 
ty to  life  and  propertyi  and  all  wori^  shall  be  done  to  the  satis- 
faction of  the  Glendale  Improvement  Co.,  by  its  Board  of  Directors. 

4.   Methods  and  appliances. 

The  methods  and  appliances  to  be  used  by  the  Contractor  on 
the  worir:  shall  meet  the  aoproval  of  the  Engineer  as  to  their 
efficiency  and  appropriateness  for  securing  the  quality  ef  wor^c  or 
the  rate  of  progress  required  by  the  terms  of  this  contract,  and  if 
at  any  time  they  do  not,  he  may  order  the  Contractor  to  increase 
their  efficiency  or  imorove  their^oharacter ,  and  the  Qontractor  shall 
conform  to  such  order»  but  the  failure  of  the  Engineer  to  give  such 
order  will  not  release  the  Contractor  from  his  obligation  to  secure 
the  quality  of  wor;<  and  the  rate  of  progress  established  in  these 
specifications. 
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3. 

PROTtlCTnE  WOR'4. 
5.  Diversion. 

Excavation  of  the  diversion  channel  and  construction  of  the 
temporary  dam  and  runway  shall  be  completed  before  work  is  begun  on 
the  main  dam  in  the  bed  of  the  stream,  and  the  same  shall  be  tione 
under  the  direction  of  the  Engineer  in  the  field  and  according  to 
wortcin^  plans  to  be  furnished  by  him. 

6.  Responsibility  for  protection  of  work. 

The  Contractorshall  erect  all  temporary  dams,  coifer  dams, 
sheet  piling,  etc.,  and  shall  do  all  other  wor<  necessary  for  the 
control  of  the  river  and  shall  be  responsible  for  all  damage  caused 
by  the  action  of  the  water,  whether  from  negligence  or  not.   In  case 
however,  of  damage  caused  by  the  inefficiency  of  tie  dam  when  the 
water  shall  have  attained  a  height  exceeding  the  official  high-water 
marii,  such  damage  shall  be  repaired  by  the  Contractor  under  the 
direction  of  the  Engineer  as  soon  as  possible,  and  the  same  shall  be 
paid  for  according  to  the  Engineer's  estimate  and  uoon  his  certifi- 
cate of  the  satisfactory  completion  of  the  same.  After  the  issuance 
of  such  a  certificate,  the  Contractor  shall  resume  the  responsibil- 
ity for  damage  as  hereinbefore  provided. 

7.  Prices 

All  workand  material  for  purooses  of  orotection  from  water, 
which  have  been  ordered  by  tne  Engineer  and  approved  by  him,  shall 
be  paid  for  at  the  prices  stipulated  in  this  contract. 

8.  Pumping. 

The  Contractor  shall  do  all  pumping  and  draining  necessary 
to  keep  the  work  free  from  water  and  shall  taice  such  steps  as  may  be 
deemed  necessary  by  the  Engineer  to  maintain  slopes  and  bant^s  of 
excavations  In  proper  shape.  The  cost  of  all  appliances  and  work 
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connected  with  puraoing  and  draining  shall  be  included  in  the  prices 
bid  for  the  kinds  of  wortC  which  such  pumping  and  draining  is  to 
protect. 

9.  DisDOsal  of  soil. 

The  soil  to  be  removed  from  the  site  of  any  excavation  shall 
be  deposited  as  directed  by  the  Engineer. 

EARTH  EXCAVATION. 

10.  Purpose. 

Earth  excavation  is  to  be  made  for  the  preoaration  of  the 
spaces  into  which  masonry  is  to  be  iiuilt,  for  the  uncovering  of  rode, 
and  for  any  'Other  '-^'orlc  which  may  be  ordered  by  the  Engineer. 

11.  Definition. 

Excavation  of  earth,  hard-pan,  and  other  materials  including 
boulders,  which  do  not  require  blasting  for  th*lr  removal,  shall  ue 
classed  as  earth  excavation  and  shall  be  paid  for  at  the  prices 
stipulated  in  this  contract. 

12.  Measurements. 

All  measurements  for  earth  excavation  shall  be  made  accord- 
ing to  lines  and  slooes  established  by  the  Engineer  from  time  to 
time.  The  Contractor  shall  conform  to  any  modifications  of  the 
slopes  as  indicated  on  the  olans,  without  extra  compensation.  The 
deoth  at  which  slooing  excavation  shall  be  abandoned  and  vertical 
trenches  for  masonry  begun,  shall  depend  upon  the  nature  of  the 
material  to  be  excavated. 
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13.  Prices. 

The  prices  stipulated  in  this  contract  for  earth  excavation 
shall  include  the  work  of clearing  and  grubbing  the  ground  of  all 
trees,  stumps,  bushes,  and  rootsiof  burning  or  otherwise  disposing 
of  the  samej  of  bracin>y  and  sheeting  and  of  supporting  and  maintain- 
ing all  trenches  and  pits  during  and  after  exoavationj  of  all  pump- 
ing and  drainingj  and  of  the  disposal  of  all  excavated  materails. 

REFILL  AND  EMBANKMENT. 

14.  Definition. 

The  work  to  be  classed  as  refill  and  embankment  shall 
consist  of  all  earth  and  broken  rocK  work  necessary  for  refilling 
excavations  and  for  making  embankments, 

15»  Measurements. 

Materials  used  for  refill  and  emban^cment  shall  be  measured 
according  to  the  dimensions  of  the  spaces  to  be  filled  and  of  the 
embankments  in  place. 

16.  Method  of  building. 

All  embankments  shall  start  from  well  prepared  bases, 
stepped  on  sloping  ground,  and  all  embankments  and  refills  shall  be 
carried  up  in  htrizontal  layers  not  exceeding  six  inches  in  thick- 
ness, and  shall  be  rolled  with  a  heavy  roller  or  rammed  with  a  heavy 
rammer.  Masonry  or  sheeting  shall  be  kept  at  least  two  feet  higher 
than  adjoining  embankments.  Any  portion  of  an  embanKment  shall  be 
so  wet,  when  required, that  water  will  stand  upon  the  surface.  The 
Contractor  shall  furnish  satisfactory  power  for  forcing  water  upon 
the  embankment. 
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17.  Material. 

The  quality  of  all  material  to  be  used  for  refill  or  embani^- 
ment  shall  be  app  roved  by  the  Engineer,  and  any  different  materials 
to  be  used  shall  be  brought  to  the  embankment  and  mixed  when  re- 
quired by  him, 

18.  Borrow  pits. 

All  borrow  pits  irust  be  acceptable  to  the  Engineer,  and  only 
such  material  as  Is  acceptable  for  refill  and  embankment,  will  be 
paid  for, 

19.  Prices. 

The  prices  stipulated  in  the  contract  for  refill  and  embank- 
ment shall  include  the  cost  of  excavating  and  transporting  materials 
from  dumps  or  borrow  pitsi  of  supporting,  draining, and  maintaining 
exoavationsj  of  forcing  water  upon  embani<ment  or  refllli  and  of 
doing  all  work  as  above  specified. 

20.  Rock  for  refill  and  embankment. 

f 
All  rocK  from  the  excavation  ordered  to  be  used  for  refill  or 

embankment  shall  be  classed  under  refill  and  embankment  and  paid  for 

at  tne  prices  stipulated  in  the  contract. 

ROC:£  EXCAVATION. 

21.  Definition. 

Rock  excavation  is  to  include  the  excavation  of  such  solid 
rock,  boulders,  or  other  material,  as  may  require  blasting  for  its 
removal,  and  the  removal  of  masonry. 

22.  Measurement. 

Bock  excavation  is  to  be  measured  to  the  lines  determined 


ril^iiplsT.  .t  £9i<=> .  TB  rnji   ,':eenivn3   SiJ*  vd  Levoi  uq;-^  9*<i   i'-«rt'=i   Jnei 

•  «=»!  n©f>  Dex-is  bn*  tnei-Ufnen  i«  3.'it  o*   tri^./otJ  od    ilBria  p©hl  ed  of 

•  Hiri  ';<i  fceilup 

.■^tlt;    WOTlOi       .6? 

•  lol   bUv 

^5   Iltlei   -xcl   toBitaoo   erit  n!   b»t.iBluoi ts  teoltq  ertT 
Rli:tTfotjE5?    .-^ '■  •^ . '-.   t-  w-^- 1   i~-f:     ">  ttj8//iO>.e   "*'■    ^"00  ent  efouloni   iljiria   Jne>! 
.-fllaifilir^jift   .  fTi  , ,^..ii;; J  .-tt!   ,    riitiocoi/r.    .0    iB^^lq  wotTod   Jo  zcmub  Bioft 
to  onjp    (iinff  to    '  aefP:-n«dffie  nocu  "let^w  a«io-iol   lo    lefioltjss'^uy.e 

♦  b«nio»c8  e-/od«  8«  .'low  H»  }:ntr)t 

i  11.91  lol  tc  oj  bsiebio   noiJ-B  jsoxe  erit  moil   >ooi    IiA 

-r "    K^^>r-   r.His  inea!:n«dflie  bn*   Htlei  lebnu  beESffio  ©J   n«fl8   *fl#ffi>n*JBe 

.to«i;tffoo  erl*  nt   ba*/lijci*a  eeoiio  ent  i.« 

biloa   rioue   'io  rtoiis/aoxe  9di  t^buLoai  of  at  noH«v«oxe  ;  ooH 

:ij-J:   lol  ;MnttejBli   ©tlupeT   ^r^r?.  r.j?   ,IjBii©*fl(8  ten*o  lo    ,ai«bIuod  ', jtooi 

.+eb  f.  rlif  oj-  bcxL'--  J-   ti   roUp/»!P>e   jooi 


7. 


by. the  Engineer. 

23.  Explosives. 

Explosives  shall  be  used  where  directed  by  the  Engineer  and 
shall  be  of  a  kind  and  quality  approved  by  him. 

24.  Foundations. 

The  rock  surface  for  receiving  the  masonry  shall  be  freed 
from  all  loose  pieces  and  prepared  as  may  be  directed  by  the 
Engineer.  The  rock  excavation  Is  to  be  extended  to  such  a  depth  and 
in  such  a  manner  as  is  shown  on  the  plans  or  as  may  be  ordered  by 
the  Engineer. 

TIMBER. 

25.  Use. 

Timber  may  be  ordered  used  for  platforms,  flumes,  channels, 
sheet  piling,  and  for  other  permanent  or  temporary  uses. 

26.  Quality. 

Timber  shall  be  of  sound,  straight-grained  spruce  or  other 
wood  equally  acceptable  to  the  Engineer,  and  shall  be  free  from  all 
shakes,  loose  knots,  or  other  defects  which  would  impair  its 
stength  or  durability. 

27.  Measurements. 

Timber  worii  shall  ineasured  and  estimated  in  place.  Round 
timber,  used  and  accepted,  shall  be  estimated  by  multiplying  the 
uieful  length  of  the  sticc  by  the  average  of  the  end  areas  and 
taxing  80%  of  the  resul:. 
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28-  Prices. 

Ihe  prices  bid  for  timber  work  shall  cover  all  incidental 
expenses  incurred  for  labor,  tools,  or  materails  used  in  placing  or 
securing  it.  No  payment  shall  be  made  to  the  Contractor  for  timber 
used  for  temporary  purposes  unless  same  has  been  left  upon  order  of 
the  Engineer  and  with  his  approval.  All  timber  not  left  in  worK 
shall  be  removed  by  the  Contractor  at  his  own  expense. 

CONCRETE. 

29.  Cement. 

The  cement  used  shall  be  first  class  Portland  of  a  reputable 
brand  and  shall  conform  in  all  respects  to  the  soecif ication  for 
cement.   It  shall  be  stored  so  as  to  be  fully  protected  from  the 
weather  and  soas  to  admit  of  easy  access  for  inspection  and  identi- 
fication of  each  shipment.  A  sufficient  quantity  shall  always  be  on 
hand  to  allow  of  a  minimum  of  twelve  days  for  inspection. 

30.  Sand. 

The  sand  shall  be  clean  and  coarse  or  a  mixture  of  fine  and 
coarse  grains  with  coarse  grains  predominating.   It  sball  be  free 
from  clay,  loam,  stlc<s,  organic  matter,  and  other  impurities. 
Screenings  or  crusher  dust  which  have  passed  a  1/4  inch  screen  may 
be  substituted  for  the  whole  or  a  part  of  the  sand  if  the  propor- 
tions be  so  altered  as  to  give  a  dense  mixture  with  the  same 
relative  volume  of  total  aggregate. 

31 •  Broken  stone. 

The  broken  stone  shall  consist  of pieces  of  hard  and  durable 
rock  such  as  limestone,  trap,  or  granite.  The  dust  shall  be  removed 
by  a  1/4  inch  screen  unless  the  product  of  the  crusher  is  delivered 
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to  the  crusher  so  regularly  as  to  permit  of  determining  from  samples 
the  amount  of  dust  which  may  then  be  allowed  for  In  measuring  the 
sand. 

32.  Rubble  concrete. 

All  concrete  in  which  large  stones  are  placed  by  hand  or  by 
machinery,  shall  be  classed  as  rubble  concrete,  and  this  should 
form  about  A0%   of  the  entire  mass  of  masonry.   Large  stones  may  be 
placed  by  derrick  and  should  be  fully  covered  with  concrete.  They 
should  be  joggled  with  crowbars  so  as  to  force  out  all  air  buibles 
from  beneath  them. 

33.  Water. 

The  water  shall  be  free  from  acids  or  strong  alkalis. 

34.  Proportions, 

The  proportion  of  mortar  in  concrete  shall  be  such  as  to 
slightly  fill  the  voids  of  the  aggregate.  The  Engineer  shall,  from 
time  to  time,  make  tests  of  the  voids  and  shall  give  instructions 
as  to  the  per  cent  of  mortar  of  the  specified  composition,  to  be 
used.   It  may  be  said  for  the  information  of  bidders  that  this  per 
cent  will  be  from  30JK  to  35^,  as  a  rule. 

35.  Mixing  . 

The  concrete  shall  be  machine  mixed  in  a  machine  which  will 
permit  of  a  precise  and  regular  prooortioning  of  all  the  materials 
and  which  will  produce  a  mixture  of  uniform  consistency  and  color 
with  the  stones  and  water  thoroughly  incoroorated  in  the  mortar. 
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36.  Consistency. 

The  concrete  shall  be  what  is  icnown  as  a  wet  mixture,  so 
soft  that  it  will  run  off  the  snovel  unless  handled  quicicly.   If, 
however,  the  Engineer  considers  a  drier  mixture  to  be  required  on 
any  particular  part  of  the  wor!<:,  he  may  order  the  same  to  be  used 
and  such  order  shall  be  complied  with  by  the  Contractor. 

37.  Placing, 

Concrete  shall  be  conveyed  to  place  in  such  a  manner  as  to 
prevent  any  separation  of  the  different  ingredients,  but  in  case 
such  separation  should  inadvertently  occur,  the  concrete  shall  in 
some  way  be  remixed  before  placing.  Concrete  shall  be  placed,  so 
far  as  possible  in  large  masses  and  so  that  fresh  lots  shall  not  be 
laid  upon  old  or  dry  surfaces.  When  it  is  laid  in  layers,  each 
layer  shall  be  thin  enough  to  be  incorporated  with  the  preceding  ona 
Old  surfaces  shall  be  cleaned  of  all  dirt,  scum,  or  laitance  and 
shall  be  thoroughly  wet  before  reing  covered  with  fresh  concrete. 
Concrete  shall  be  placed  so  soon  after  mixing  as  to  be  rammed  or 
puddled  to  place  as  a  plastic  homogeneous  mass.   Any  which  has  set 
before  placing  shall  be  rejected.  Noticeable  voids  or  pockets  which 
may  be  exposed  uoon  the  removal  of  the  forms  shall  be  promptly 
filled  with  mortar  of  the  consistency  used  in  the  concrete. 
Concrete  faid  in  rock  cuts  shall  fill  the  same  completely  ud  to  the 
rock  surface  above  which  forms  shall  be  used. 

38.  Surfaces. 

Exposed  surfaces  shall  be  face  cut  with  a  thin  flat  tool 
while  the  mass  is  wet  so  that  all  large  pieces  of  stone  will  be 
forced  from  the  surface  and  a  smooth  face  remain.  Rubble  shall  not 
be  laid  within  two  feet  of  exposed  faces.  Except  in  freezing 
weather,  forms  shall  be  wet  before  olacing  concrete  against  them. 
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39.  Freezing  weather. 

No  concrete  except  that  laid  in  lar^^e  masses  or  in  heavy 
walls,  having  faces  whose  aopearanoe  is  of  no  consequence,  shall  be 
exposed  to  frost  until  dry.  Materials  employed  in  mass  concrete  in 
freezing  weather  shall  contain  no  frost.  Surfaces  shall  be  protect- 
ed from  frost.  Portions  of  surface  concrete  which  have  frozen  shall 
be  removed  before  laying  fresh  concrete  upon  them. 

40.  Forms. 

The  lumber  for  forms  and  their  design  shall  be  such  as  is 
best  suited  to  the  structure  and  to  the  surface  required  on  the  con- 
crete. Forms  shall  be  sufficiently  tight  to  prevent  the  loss  of 
mortar  or  cement,  and  they  shall  be  thoroughly  braced  or  tied  to- 
gether so  that  the  pressure  of  the  concrete  or  the  movement  of  men 
or  animals  shall  not  throw  them  out  of  olace.  Forms  shall  be  left 
in  olace  until  the  Engineer  may  consider  that  tne  concrete  has  at- 
tained sufficient  strength  to  resist  any  accidental  or  permanent 
strains  which  may  come  upon  It,  and  permit  of  their  removal. 
Forms  shall  always  be  thcroughly  clean  before  being  used. 

41 .  Prices. 

The  price  to  be  oaid  for  concrete  shall  include  the  cost  of 
all  the  ingredients  delivered  to  the  work  and  of  mixing  and  laying 
the  same  as  masonry*  of  all  tools,  machinery,  and  labort  and  of 
setting  in  place  all  pipes,  gate-valves,  and  other  iron  wor;c  called 
for  by  the  design 
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CEMENT. 

42.  Packages. 

Cement  shall  be  pac-ced  in  strong  cloth  or  canvas  sac<s,  or 
If  in  any  danger  from  wet  or  damp,  in  paoer  lined  barrels.  Each 
pacKage  shall  have  stamped  upon  it  the  brand  and  the  name  of  the 
maimer.   Pacicages  received  In  a  brof^en  or  damaged  condition  may  be 
rejected  or  accepted  as  fractional  packages. 

43.  Weight. 

Four  bags  shall  constitute  a  barrel  in  weight  and  the  aver- 
age weight  of  cement  contained  in  a  bag  shall  be  not  less  than 
94  lbs.  net,  or  376  l^^,  per  barrel.  The  weight  of  the  separate 
paoi^ages  shall  be  uniform. 

44.  Tests. 

All  tests  shall  be  made  in  accordance  with  the  methods 
proposed  by  the  Committee  on  Uniform  Tests  of  Cement,  of  the 
American  Society  of  Civil  Engineers,  as  amended  January  20,  1904, 
with  all  subsequent  amendments  thereto. 

45.  Sampling. 

Samples  shall  be  taken  at  random  from  sound  packages  and  the 
cement  from  each  shall  be  tested  separately 

46.  Requirements. 

Cement  failing  to  meet  the  requirements  of  the  seven-day 
tests  may  be  held  to  await  the  results  of  the  twenty-eight-day  tests 
before  rejection.  The  following  requirements  shall  be  made  the 
basis  of  acceptance  or  rejection  of  cement: 
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47.  Specific  gravity. 

The  specific  gravity  of  the  cement  thoroughly  dried  at 
212**?.,  shall  be  not  less  than  3,10  . 

48.  Fineness. 

The  residue  on  a  No.  TOO  sieve  shall  be  not  more  than  8.0% 
and  on  a  No.  200  sieve  not  more  than  25.0^. 

49.  Time  of  setting. 

The  cement  shall  develop  initial  set  in  not  less  than  30 
minutes,  and  final  set  in  not  less  than  one  hour  nor  more  than  ten 
hours. 

50.  Tensile  strength. 

Briquettes  of  one  square  inch  cross  section  shall  show  at 

least  the  following  strengths  with  no  retrogression,  within  the 

time  specified: 

Neat  cement. 
Age.  Strength. 

24  hours  in  moist  air  175  lbs. 

7  days  (  1  day  in  air,  6  days  in  water)  500  " 

28   "   (  1   "  "   "  27  "   "    "   )  600  " 

1 :3  mortar. 

7  days  (1  day  in  moist  air,  6  days  in  water)  150  " 

28  "    (1   "   "    "    "  27  "   "    "   )  200  " 

51 .  Constancy  of  volume. 

Pats  of  neat  cement  about  three  inches  in  diameter  and 
one-half  inch  thicK  at  the  center,  and  tapering  to  a  thin  edge, 
shall  remain  firm  and  hard  and  shall  show  no  signs  of  cracking  or 
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distortion  under  the  following  tests: 

(a)  all  pats  are  to  remain  24  hours  in  moist  airj 

(b)  one  pat  is  then  to  be  left  in  moist  air  to  the  end  of  28  daysj 

(c)  another  is  to  be  icept  in  water  at  70  F.  for  28  days* 

(d)  a  third  is  to  be  exposed  in  some  convenient  manner  in  an  at- 

mosphere of  steam,  above  boiling  water,  in  a  loosely  closed 
vessel  for  five  hours. 

52.  Sulphuric  acid  and  magnesia. 

The  cement  shall  contain  notmore  than  1.75^  of  anhydrous 
sulphuric  acid(SO  ),  nor  more  than  4%   of  magnesia(MgO) . 

53.  Iron  and  other  metal  wor<. 

All  metal  worK  will  be  delivered  on  the  ground  at  the 
expense  of  the  Glendale  Improvement  Co.,  but  the  same  is  to  be 
built  into  the  wor-:  in  strict  accordance  with  the  plans  without  any 
further  compensation  than  the  price  stipulated  to  be  paid  per  cubic 
yard  of  concrete 

EXTRA  WOR?{. 

54.  Definition. 

All  work  uncalled  for  in  these  specifications  but  which  may 
be  ordered  by  the  Engineer,  shall  be  classed  as  extra  work. 

55.  Measurements. 

Extra  worii  shall  be  measured  by  the  Engineer  and  shall  be 
paid  for  upon  his  certificate  of  the  quantities  of  the  same. 

56.  Prices. 

Extra  wortc  shall  be  paid  for  at  the  unit  prices  stipulated 
In  this  contract  for  the  various  classes  of  worl<  herein  specified. 


•r_T?.  e,i        . -.       .:    lebnu  noltto:toXb 

;'tii;   tr.  (cn   n:   Biaori  *?^  n^Bsie-r   o.t    pij3  kIsc    JIjb  ;«] 

ynj;.    f?'^    'io    one   ©li.t   rt  ;   nl    tlel   ©d  oi    nerl^   b1    J*o   ©ao  (d  ) 

«eY£b  8^  io\    .'if  0\    ti?   TstBw  al   itqer  ni   ot   ii   •fert;tonj6  'o) 

.t .?  n£  111   lennjBfli   taolne'/non  ©mce  ni   beeocxe  9cf  ot   ai   bilrit   b  (b) 

"=-;--;  f-    \jl0eool    t    nV    .Tf^tR*   cnHlod  evod«   .aijBete   lo  eiertoeom 

.eiuort  ©rtl  lol    leefc©/ 

.jPiBi  otiuficIuB      .S5 

. 'OjH  ^iieenjj^a   lo   t^  r>s-f\i  ftiom   ■•  otiurfqlue 

iJ^,te(n   -1'^  1:^0  fcnB  aoti      .K2 

erit    ti  ^ri^   ao   beie'ile'j  ©d    ill*   rtow    i«*9B   iiA 

I?  <iJB3   ^  fiiro/OT:!"!   »I.cba«I£)  e.lj    lo  ©ariQcxe 

'.n^Iq  8f,  V   f^-^nf^iooo^   totiia  iii   .tow  odt  otni    Jiiiiu 

-'lifi   'f,     f  fii.-   a!   ,-n    0e;ti=  '■'^0  6r(*    '-'''^    noi*x.ent^ciDoo  lentitjl 

etotonoo   lo  hTi  . 
/«TX3 

.noi:finil6a     ,^c 
iiw   tuJ   anoit^ox                                 r    ^ri    b«.r.i»oTu    -low    i  iA 
.J1;iw    p-'tvp    ?..G    nf-  ,  .^ ^    ,  P"r.,hTo    r..-; 

low  mJ-xS 
*    lo  e  +  foMltteo  airi  noc,u  lol 

.teotiS      .de 

*  ■    ■*    ■  ■'      ei    i  ■  iTlE   ;  tow  £itx3 


15. 


57.  Formal  olaims. 

Noclaims  for  extra  wori<  will  be  allowed  unless  made  in 
writing  previous  to  its  performance  and  signed  by  both  parties  to 
this  contract  or  their  authorized  representatives. 

GENERAL  CLAUSES. 

58.  Imperfect  work. 

Imperfect  work  or  materials,  or  work  or  materials  which  may 
become  damaged  from  any  cause  before  its  acceptance,  shall  be  prop- 
erly replaced  to  the  satisfaction  of  the  Engineer. 

59.  Foremen. 

Foremen  employed  by  the  Contractor  shall  be  skilled  in  the 
kinds  of  work  for  which  they  are  employed. 

60.  Authority  of  Engineer. 

Instructions  from  the  Engineer  regarding  the  character  or 
quality  of  the  work,  shall  be  obeyed  by  the  Contractor  and  his 
representatives. 

61.  Lines  and  grades. 

All  lines  and  grades  are  to  be  given  by  the  Engineer  who 
may  alter  them  from  time  to  time,  provided  such  alterations  do  not 
materially  affect  the  measurements.  The  Contractor  shall  preserve 
all  stakes  and  give  such  assistance  as  is  necessary  to  the  Engineer 
in  establishing  benches  and  plugs  and  in  making  measurements. 

62.  Ambiguity  in  terms. 

In  case  of  disagreement  as  to  the  meaning  of  the  terms  of 
this  contract  or  these  specifications  or  as  to  the  manner  of  their 
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